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Beef  has  a  very  wide  range  of  quality  v;hich  is  reflected  in 
a  correspondingly  wide  range  in  palatability,  or  in  those  properties 
that  please  the  taste.    Because  of  its  variations  in  these  respects, 
the  amateur  in  selecting  "beef  for  the  quality  and  p&latahility  desired 
is  often  more  disappointed  than  delighted  with  his  choice. 


Quality  and  palatahility  have  been  defined  "by  meat  research 


Quality;     Quality  as  applied  to  uncooked  moat  embraces 
all  of  those  properties  that  point  to  the  relative  de- 
sirability or  excellonce  of  the  cooked  meat.     In  a 
technical  sense,  the-  evaluation  of  quality  is  dependent 
ujjon  all  of  the  properties  of  mscle,  fat,  and  bone, 
including  cartilage,    -The  principal  properties  in  the 
muscle  arc  texture,  grain,  color,  and  firmness.  The 
principal  proportics  in  the  fat  are  texture,  color, 
and  firmness.     The  principal  properties  in  the'  bone, 
including  cartilage,  are  color  and  hardness. 

Falatability;    Palatability  in  any  given  meat  is  the  . 
degree  in  which  it  is  act^eptable,  pleasing,  agreeable, 
or  satisfying  to  the  palate,  with  special  reference 
to  flavor  and  tenderness  or  physical  condition  as  ex- 
perienced in  the  act  of  eating. 


1/  Definitions  approved  by  Committee  of  interbureau  and  State 
ezperiment  station  meat  research  v/orkers,   October  21,  1938. 


Q,ualit;,^  and  pala,taoility  arc  invisible  and  intangible.  There 
are,  hov/evcr,  certain  features  or  characteristics  in  meat  that  arc 
visible  and  tangible  and  that  indicate  its  degree  of  auality  and 
palatability,     Scef,  for  instance,  has  many  such  features  or  charac- 
teristics.    Some  of  these  v/ill  be  analyzed  in  this  discussion.  Al- 
though the  evidences  of  quality  and  palata.bility  are  present  in  the 
beef  in  varying  degrees  and  most  of  them  arc  recognized  and  used  by 
those  familiar  with  beef  to  judge  the  quality  of  the  uncooked  meat 
ajid  to  estimate  its  palatability  when  cooked,  their  exact  significance 
and  relationships  to  quality  and  palatability  have  not  been  reduced  to 
precision,     The  problem,  therefore,  for  one  v/ho  is  trying  to  select 
beef  of  the  quality  and  palatability  desired,  or  vrho  is  grading  beef, 
is  to  recognize  and  carefully  evaluate  the  Icnovm  evidences  of  q_uality 
and  palatability  before  forming  final  judgment. 

The  research  studies  relating  to  q_uality  and  palatability  in 
meats  conducted  in  recent  years  by  Federal  and  State  experiment 
sta.tions  have  contributed  materially  to  the  fund  of  Imowledge  of  meats 
in  these  respects.    Much  also  has  been  learried  of  those  evidences  of 
quality  in  moats  by  Federal  meat  graders  v/hose  judgment  is  tested  many 
times  each  v/orking  day.    Data  and  information  from  these  sources  have 
been  used  freely  in  the  anrlyses  of  the  evidences  cf  quality  and  pala- 
tability in  beef  in  the  follov/ing  pa.gcs.     In  those  analyses  an  effort 
hrs  been  mrdc  to  select  such  features  in  beof  as  arc  most  commonly 
used  v/hen  estimating  its  quality  and  palatability,  and  to  discuss  their 
significance  and  practical  application  to  this  problcmo 

G-radc  and  Quality 

The  grade  of  mea.t  is  determined  by  an  evaluation  of  three  natural 
or  inherent  factors  which  must  be  appra^ised  singly  and  in  combination. 
They  arc  conformation,  finish,  and  quality, 

Conf ornation  is  the  natural  shape,  form,  or  build  of  the  car- 
cass, or  of  the  cut  of  neat  and  indicates  especially  the  relative 
thiclcness  of  the  neat  or  the  proportion  of  edible  meat  to  bone.  Finish 
is  primarily  fat.     It  includes  the  quantity,  character,   and  distribu- 
tion of  fat.     Beef  that  is  fully  and  desirably  finished  has  attained 
sufficient  but  not  the  utmost  degree  of  fatness.     It  has  the  degree 
of  fatness  that  is  characteristic  of  the  most  desirable  beef,  such  as 
is  found  in  the  Prime  nnd  Choice  grades,     Qu.'^lity  in  uncooked  meat  is 
the  combination  of  all  those  inherent  properties,  including  even  fac- 
tors of  conformation  --^nd  finish,  which  determine  its  relative  degree 
of  excellence  and  indicate  its  probable  degree  of  palatability  or 
desirability  when  the  meat  is  cooked.     Sec  definition  of  quality  on 
P<"gc  1. 

Each  of  the  throe  gr,-de  factors  has  many  contributing  elements 
which  exist  in  varying  degrees.     The  correct  evaluation  of  these 
elements  determines  the  relative  value  of  their  grade  factor.  The 
resulting  vpIucs  of  each  of  the  three  factors  thus  determined  are 
combined  and  given  a  final  appmisal  .when  th^.^  grade  is  determined. 
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Of  the  three  factors,  quality  is  by  far  the  most  inportant, 
especially  from  the  standpoint  of  the  consu-mcr.     It  is,  therefore, 
the  most  important  factor  to  he  considered  "by  the  grader  and  hy  the 
meat  distributor.     Conformation  and  finish  are  easily  seen,  they  are 
trjigihle  and  their  significance  in  relation  to  grade  can  he  easily 
determined,     i^ality,  on  the  other  hand,  is  intangible  and  invisible, 
a:id  can  be  estimated  only  by  crcponent  and  contributing  elements,  most 
of  which  can  be  seen,  identified,  and  used  as  evidences  of  quality  and 
of  the  degree  to  v;hich  it  is  present  in  the  uncooked  meat.     The  deter- 
mination of  qua.lity  requires  an  intimate  knov/ledge  of  those  elemen-ts 
an.d  of  .their  significance  and  relationship  to  the  quality  of  the  un~ 
cooked  meat  a,nd  to  the  palatability  of  the  cooked  meat. 

Quality  and  Palata.bility 

Quality  and  palatability  as  applied  to  meats  ate  terms  often 
used  synonymously.    For  the  pnirpose  of  this  discussion,  however,  quality 
is  arbitrarily  limited  to  uncooked  meat,  while  palatability  is  used  to 
rofei"  to  the  degree  of  satisfaction  or  enjoyment  experienced  when  the 
cooked  meat  is  eaten.     The  palata^bility  of  meat  may  be  considered  as 
proof  of  its  quality,     Quality,  as  one  of  the  three  grade  factors,  when 
applied  to  uncooked  m.eat  refers  to  those  properties  inherent  in  meat 
which  determine  its  relative  degree  of  excellence,  and  \irhich,  when 
the  ijoat  js  cooked  and  eaten,  determine  its  relative  degree  of  pala- 
tability as  registered  by  the  senses  of  smell,  taste,  and  touch  (chew- 
inj-:) ,     Q;uality  in  uncooked  meat,  therefore,  appea^rs  to  be  the  primary 
source  of  palatability  in  the  cooked  meat,  and  the  degree  to  vrhich  it 
is  present  in  the  uncooked  meat  indicates  the  degree  of  palatability 
that  may  be  expected  when  the  meat  is  properly  cookedo     Quality  and 
palatability,  in  this  sense,  imply  the  full  range  of  excellence  or 
desirabil-;  ty  from  the  most  desirable  to  the  least  desirable  nnd, 
therefore,  the  many  variations  between  these  extremes.' 

..     ■  ,.    Qur.lity  is  not  tangible  a:id  therefore  not  mefisurable  but  may 
be  esti;:iat.ed  v;ith  a  reasonable  degree  of  accuracy  by  one  who  is 
thorouglily  familiar  v/ith  meat  and  trained  to  detect  and  appraise  the 
characteristics  that  are  associated  with  or  tha.t  are  evidences  of 
quality.    Consequently,  it  is  possible  that  the  quality  of  uncooked 
meat  ajid  therefore  the  palatability  of  cooked  meat  may  be  estimated 
approximately  by  carefully  appraising  certain  visible  and  tangible 
cha,ractoristic  features  in  the  uncooked  moat  that  are  known  to  be 
fairly  reliable  indications  of  its  q^oality  and  that  by  experience  are 
known  to  be  indications  of  its  palatability. 

Quality  ajid  Palatability  Related  to  Age  ajid  Finish 

Many  of  the  elements  that  indicate  quality  and  palatability  in 
beef  are  associated  with  tenderness,  flavor,  and  juiciness  nnd  these 
in  turn  are  believed  to  be  related  directly  or  indirectly  to  the  gen- 
eral age  of  the  animal  and  to  its  degree  of  finish  or  fatness  when  it 
was  slpughtered.     The  approximate  age  of  the  animal  is  reflected  in 


the  character  of  its  meat.     The  most  marked  changes  in  the  character 
of  meat  occur  during  the  first  2  years  of  the  animal's  life.  Although 
the  changes  are  gradual  there  are  four  general  stages'  according  to 
age  during  the  early  life  of  the  animalj,  namely,  veal,  calf,  yearling 
"beef,  and  mature  "beef.     These  stages  are  distinguishable  hy  the  ob- 
vious characteristics  in  the  meat  that  are  more  or  less  peculiar  to 
each  general  age  group,  ,  ' 

Along  with  the  changes  in  the  character  of  the  meat  due  to 
age,  there  arc  changes  in  quality  and  palatability,  especially  in 
tenderness,  flavor,  and  juiciness  that  are  raorc  or  less  peculiar  to 
the  age  group  in  which  thoy  occur,     For  example,  the  tenderness,  flavor, 
and  juiciness  of  veal  are  not  like  those  of  the  flesh  of  a  7-month-old 
calf,  of  a  yearling,  or  of  mature  "beef  of  the  same  grade,  Neither 
are  those  of  the  "beef  of  any  ago  group  exactly  like  those  of  any 
ether  age  group.     Those  cha.ngos  continue  after  maturity  "but  they  are 
not  SCT  pronounced  as  during  the  first  20  or  24  months  of  the  animal's 
life,     'i'ho  changes  due  to  age  arc  reflected  in  the  color  and  con- 
SJs';ency  of  the  lean,  fat,  and  "bone,  in  the  grain  rnd  texture  of  the 
lean,,  and  in  general  conformation  of  the  carcass, 

Hio  degree  of  finish  or  fatness  apparently  exerts  a  material 
influence  on  tenderness,  juiciness,  and  flavor  and,  therefore,  on 
quality  and  palata"bility  of  the  flesh. of  an  animal  of  any  age,  Hany 
of  the  indications  of  o_uality  and  of  palata"bility  are  associated  with 
the  color,  amount,  character  or  quality,  and  distri"bv.'.ion  of  the  fat. 
It  is  generally  recognized,  however,  that  Doef  in  tho  higher  grades 
is  usually  held  to  ripen  for  a  longer  period  than  lo.vor  grade  "beef. 
High-grade  "beef,  therefore,  usually  has  a  greater  opportunity  for 
tenderi:3ation  than  low-grade  hoef.     The  aging  or  tcnderization  pro- 
cess not  only  affects  its  tenderness  "but  also  its  flavor  and  pro"ba-"bly 
its  juiciness.  (See  pages  15-18.) 

Exceptions  to  General  Rules 

All  products  of  nature,  including  "beef,  have  infinite  varia- 
"bility  and  "because  of  that  varia"bility  there  are  few  specific  rules 
that  are  applicable  in  the  determination  of  Quality  and  palatability 
of  beef,  that  do  not  have  their  possible  exceptions.     The  problem  for 
the  one  selecting  or  grading  beef  is  to  recognize  the  exceptions 
v/hen  they  are  apparent  and,  with  the  aid  of  the  other  indexes  axii  a 
knov;ledge  of  their  significance,  to  maJ^e  adjustments  in  judgpients 
accordingly,     Tor  instance,   the  general  rules  that  apply  to  the 
quality  and  palatability  of  steer,  heifer,  and  young  cow  beef  are 
not  always  applicable,  except  in  a  broad  way,  to  those  of  bull,  stag, 
and  old  cow  beef.     There  also  are  exceptions  to  the  general  rule  that 
lean  beef  has  the  brightest  shade  in  the  highest  grades,  and  that 
it  has  the  darkest  color  in  the  lowest,  grades.    As  a  rule,   these  and 
other  exceptions  present  no  serious  problems  to  those  familiar  with 
beef  and  its  characteristics.     Decisions  are  reached  after  evaluating 
all  known  features  that  are  indicative  of  quality  and  palatability, 
with  due  considera.tion  for  the  possible  exceptions. 


The  results  of  one  series  of  palataliility  - studies;  "by  several 
State  experiment  stations  and  the  Department  of  Agriculture  in  v/hich 
the  ri^bs  of  over  700  cattle  of  various  tjnpes,  ages,  ajid  grades  were 
used  do  not  show  a  very  close  correlation  "between  the  palatahility 
factors  and  the  grades.     The  results  of  these  studies  therefore  seem 
to  "be  somewhat  at  variance  with  the  popular  concept ,  of  palata"bility  . 
in  relation  to  grade.    Consumers  are  willing  to  pay  higher  prices  for 
the  "better  grades  of  "beef  than  for  the  lovrer  grades,  undou"btedly  "be- 
cause the  "beef  in  the  higher  grades  is  more  pleasing  to  the  taste,  i,e, 
more  palatalilc  than  that  in  the  lower  grades. 

Indications  of  Quality  and  Palatahility 

As  previously  indicated,  the  age  of  the  animal  and  its  degree 
of  finish  at  time  of  slaughter  have  a  material  influence  on  its  quality 
and  on  its  palata"bility.     The  characteristics  or  elements,  ,  130 st  of 
v/hL:''h  are  related  directly  or  indirectly  to  age  and  finish  anc\  which  , 
are  most  generally  o"bserved  when  judging  the  ouality  of  hcef,  are: 
f.K   color  and  hardness  of  "bone;  color,  consistency,  paid  hardness  of 
ca:.'b ilagc;  the  color,  firmness,  moisture,  grain,  and  texture  of  lean; 
the  color,  chrractcr,  quality,  quantity,  ejid  distri"bution  of  fat,  in- 
cluding mar"bling  and  the  irivisi"ble  fats  or  the  intermingling  of  fats 
and  oils  within  the  lean;  the  apparent  degree  of  tenderness  of  the  lean; 
and  the  relative  attractiveness  or  "eye  appeal"  of  the  meat. 

Color  and  Hardness  of  Bone:     The  color  and  hardness  of-  "bone,' 
also  the  color,  consistency,  and  hardness  of  the  cartilage,  are  indi- 
cations of  the  age  of  the  animal  v/hen  slaughtered,     Because  of  varia—  • 
tions  in  the  soil,  vegetation,  feeds,  and  water  in  va..:i  ous  sections 
of  the  country,  animals  of  the  same  age  from  different  sections  often 
apparently  ho.ve  varying  degrees  of  color  and  hardness  of  "bone,  For 
instance,  hardness  of  "bone  seens  to  occur  earlier  than  normally  in 
anlnpl-s  that  have  had  access  during  all  or  a  greater  portion  of  their 
lives  to  alkali  water,  or  to  vegetation  grown  on  alkali  soil.  The. 
same  is  true  with  reference  to  the  cartilage. 

In  addition  to  the  pro'ba"ble  influence  of  water  ajid  diet,  the 
sex  of  the  animal  also  has  an  influence  on  the  color  and  hardness  of 
bones  and  cartilage.     The  female  normplly  matures  more  rapidly  than 
the  male  and  when  the  animals  are  grov/n  under  similar  conditions  this 
maturity  is  reflected  in  the  color  and  hardness  of  the  female's 
"bones  and  ca.rtilage  earlier  than  in  those  of  the  male. 

The  "'oones  of  veal  and  young  calves  are  relatively  red  and  soft. 
They  become  whiter  and  ha,rder  as  the  animal  grows  older  until  they  are 
creamy  white  to  grayish  white  in  mature  animals,  depending  on  their 
ages  and  the  water  and  diet  they  have  had.     This  process  continues  with 
age  until  the  bones  become  grayish  white  to  white  and  flinty  in  very 
old  animals.  ; .  ■ 

^Following  are  some  of  the  characteristics  of  the  spinous  pro- 
cesses of  beef  carcasses  that  are  associated  especially  with  the  a,ge 
of  steers  and,  to  a  large  extent,  with  those  of  heifers: 
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Yearling;  Relatively  soft  "bones,  wide  and  prominent  ""button" 
or  cartilaginous  tips  on  the  ends  of  the  spinous  processes  of  the 
f orequarter,  .  . 

Tvj-Q-Year  Olds:    Helativel;^  soft  bones  "becoming  harder;  partially 
red,  porous  interior,  turning  slightly  gray  or  v.'hite;  "buttons  still 
prominent  "but  becoming  hard. 

Three  and  Pour- Year  Oldst     Bones  almost  entirely  grayish  white 
or  white;  noticeably  hard  "but  still  somcvrhat  porous;  "buttons  smaller 
and  hard, 

H 

?ive-Year  Olds  and  Older:    Bones  white  and  hard;  buttons  small, 
nearly  a"bsor"bed  and  "bony. 

Experiments  with  mechanical  equipment  on  cooked  rib-eye  muscles 
have  shown,  contrary  to  general  "belief,  that  with  occasional  exceptions 
the  meat  of  calves  (excluding  veal)  is  somewhat  less  tender  than  that  of 
yearlings  of  the  same  grade  and  that  the  meat  of  yearlings  becomes  some- 
what more  tender  as  it  grows  older  until  the  ajiimal  reaches  a"bout  2 
yopTs  of  age.     Thereafter  it  gradually  becomes  less  tender.  However, 
tenderness  in  cooked  meat  also  depends  on  the  method  of  cooking  and  its 
effectiveness  in  "breaking  down  the  connective  tissue. 

As  a  general  rule,   tenderness  of  beef  in  the  same  gra'^.e  decreases 
with  age  after  the  animal  is  a'bout  20  months  old.    Although  there  are 
exceptions  it  has  a  tendency  to  improve  v/ith  grade  in  rjiy  given  age 
group, 

Each  age  group  has  its  distinctive  flavor.     In  general,  the 
flavor  of  "beef  becomes  more  intense  with  age  in  the  same  grade  but 
improves  in  desira"bilit;r  as  the  grade  improves  in  any  age  group.  Be- 
cause of  the  greater  fatness  in  the  higiier  grades  the  intensity  of 
flavor,  especially  of  the  lean,  is  modified.     In  general,  this  results 
in  a  more  dcsira"blc  flavor  of  the  cooked  meat,  despite  the  fact  that 
the  desira"bility  of  the  fla,vor  of  fat  apparently  decreases  as  its 
quality  increases.     In  this  respect,  hov^ever,  flavor  is  a  matter  of 
taste  ?nd  varies  in  desira"bility  v;ith  the  peculiarities  of  the  pre-  ^ 
ferences  of  individuals,  .      .  ^ 

Since  shades  of  color  and  degrees  of  hardness  of  "bone  arc  ^ 
characteristics  in  hecf  that  are  related  to  the  age  of  the  animal, 
and  since  age  affects  the  tenderness  and  flavor  of  "beef,  color  and 
hardness  of  "bone  are,  to  that  extent,  indications  of  the  palata"bility 
features  —  tenderness  pjid.  flavor.     Tenderness  of  beef  in  nny  age 
group  has  a  tendency  to  increase  as  the  grade  improves  or  v;ith  the 
increase  of  finish  or  fatness,'  "but  the  intensity  of  flavor  generally 
is  modified  and  the  meat,   especially  in  the  highest  grades,  is  more 
pleasing  to  the  taste.     In  other  words,   the  flavor  in  "beef  generally 
hecomes  more  intense  or  more  ""beefy"  as  the  pxiimal  grows  older  "but 
it  appears  that  this  tendency  moy  be  modified  somewhat  nnd  made  more 
desirable  at  any  age  "by  the  presence  of  a"bundont  fats  that  are 
characteristic  of  the  highest  grades. 
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Color.  Consistency,  and  Hrrdjioss  of  Cn-rtilago:       The  cartilages 
to  which  reference  is  r.r  dc  are  the  pearly  white  fornations  on  the  ends 
of  the  "bones  that  tcrninatc  in  the  flesh,  such, .as,  the  tips,  or  "buttons 
on  the  spinous  processes  or  the  ends  of  ribs.  ....These  fornations  also' 
are' at  all  joints,  including  the  cushions  hcWocn  the  vertehra. 

In  young  anirarils  the  cartilage  or  "buttons  ,  on  the  .spinous  pro—  '■ 
cesses  are  wide,  proriinent,   soft,  resilient,  and  pearly  white.    As  the'' 
ago  advances  they  ha.rdcn  and  grow  relatively  .snpller  "by  gradually  "be- 
coming a  part  of  the  "bone,  and  finally  the  cartilaginous  suhstance  almost 
disappears.     The  color  likewisa  changes  to  some  extent  with  tlie  changes 
in  consistency  and  "becomes  more  nearly  like,  that  of  the  bone  of  which 
it  is  a  part,  -or  grayish  white.    As  a  rule,   the  demarcation  between 
the  cartilaginous  tip  and  the  bone  is-  evidenced  "by.  a  band  of  red  duo 
to.  the  presence  in  that  area,  of  a  greater  amount  of  blo,qd  than  is 
'retained  in  the  *  surrounding  structure.  , 

■In, order  to  illustrate  further  the  changes  that  occur  in  the 
character  and  consistency  of  the  "buttons,, "  .  the  fo'llpy/ing  is  quoted 
from  the  War  Department  Inspection,  Manual,  Bulletin  ITo,  16,  issued 
May  15,  1918: 


Age 
in  ?/ea.rs 

Appearance  in  steers 

Appearance  in 

cows  and  heifers 

2 

Snail,  red  spots  begin  to  . 

After  2  or  3  years  no  "buttons 

appear         '  '                        •    ■  . 

are  present. 

3 

Red  area,s  more  numerous        _  . 

.     •  ■   ■  '^0: 

4 

Sr.iall,  bony  islands  form.  ; 

ilo  buttons  are 

present  ' 

5 

More  bone  than,  cartijlage  ., 

ilo  buttons  are 

present 

.6 

Only  narroiif  strip  of  white.. 

Ho  buttons  are 

present 

cartilage  left  surrounding 

bono  that  has  formed,  but 

linos  of  demarcation  between 

spines  and  buttons  are  distinct  . 

Buttons  are  solid  bone 

ilo  buttons  .arc_ 

present  ■-■ 

12 

Buttons  of  the  same  color  as 

Ho  buttons,  are 

present 

the  bones  of  the  spines, 

i,  e.  light  in  color 

The  foregoing  has  not  been  verified  by  recent  tests,  but  from 
general  observation  they  are  believed  to-be  ci.pproxiriately  correct. 
There  are  relatively  few 'steers  slaughtered  in . the  United  States  that 
are  more  than  5  years  old,-  .-•  '.■..• 
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A  correct  judgnent  of  quality  and  palatability  cannot  alv/ays  "bo 
forned  entirely  "by  olDscrving  the  degree  of  color  and  hardness  and  the 
character  of  bone  and  cartilage,  "but  nust  take  into  consideration  the 
possilDle  influence  of  other  elenents  that  are  associated  vath  quality 
and  pa-latahility.     In  general,  however,  the  color,  the  consistency,  and 
the  hardness  of  cartilage,  especially  of  the  ""buttons ,"  are  associated  with 
the  ago  of  the  aninal,  and  age  is  associated  especially  with  the  pala- 
tahility  features  -  tenderness  and  flavor. 

Color.  ?irr.mess.  Moisture.  G-rain.  and  Texture  of  Loan  Beef:  Age 
affects  the  color,  grain,  and  texture  of  the  lean  of  "beef  and,  sul)ject 
to  the  influence  of  finish, -it  also  s^ffccts  its  firnness.  ■  Insofar  as 
these  three  conditions  are  associated  v/ith  age,  i-zhich  affects  quality 
and  palatahility,  especially  tenderness  and  flavor,  to  that  extent  they 
may  he  used  as  indications  of  quality  and  palatahility.     It  is  ohvious, 
hov/ever,  that  if  these  conditions,  especially  color,  arc  thus  associated 
with  or  influenced  hy  age,  they  nust  "be  considered  along  xfith  other 
evidences  of  quality  ajid  palatahility  and  that  due  consideration  nust 
he  given  to  the  possihle  exceptions. 

Although  the  sha,de  of  red  in  the  lean  meat  is  definitely  as- 
sociated with  a,ge,  and  ranges  from  a  very  light  or  pinkish  sha.de  of 
red  in  veal  to  a  very  dark,  dull  red  in  the  lean  of  heef  from  old 
cattle,  there  are  numerous  exceptions  to  this  rule,  the  causes  of  which 
are  not  fully  knov/n  "but  are  the  suhject  of  research,    I\irthermore,  at 
any  age  the  red  of  the  lean  in  the  higher  grades  of  heef  appears  to 
he  lighter  and  relatively  hrighter  than  in  the  lovrer  grades  hecause  of 
the  intermingline^  of  abundant  visible  and  invisible  fat  substances  and 
Juices  in  well-finished  beef,  which  gives  the  lean  a  brighter  red  cast 
than  it  otherv/ise  would  have.    Barring  the  exceptions,  however,  the 
shade  of  red  in  the  lean  of  beef  deepens  and  becomes  duller  v/ith  age, 
ranging  from  the  pale  red  of  veal  to  the  much  darker  and  duller  red  of 
beef  from  old  cattle.    Usually,  hoxvever,  the  deepest  and  brightest  red 
seems  to  be  in  well-finished  beef  from  steers  and  heifers  about  16  to 
24  months  old.     from' about  the  2-year-old  stage  the  lean  of  beef  in  a 
given  grade  takes  on  a  darker  color  and  a  duller  cast  or  hue  of  red 
with  increasing  age. 

Color  of  lean  when  related  to  a.ge  is  an  indication  of  quality 
rjid  palatability,  especially  insofar  as  tenderness,  flavor,  ond  Juici- 
ness are  affected  by  age.     Judgments  in  this  respect,  however,  must 
be  adjusted  according  to  the  degree  of  finish  pnd  corrected  according 
to  the  probable  effect  of  this  degree  of  finish  on  quality  and  pala- 
tability.    The  distinctive  color  of  lean  which  is  associated  with  age 
may  be  associated  also  with  the  relative  tenderness  and- the  distinctive 
flavor  which  also  are  associated  with  age.     To  that  extent,  color  of 
lean,  considered  in  relation  to  the  degree  of  finish,  is  an  indica- 
tion of  the  tenderness  and  flavor  of  beef.    As  a  rule,  abundpjit  visible 
and'  invisible  fat  distributed  through  the  lean,  gives  the  lean  a  more 
pleasing  although  not  a  more  intense  flavor.    Less  fat  permits  the 
natural  characteristic  flavors  of  the  lean  and  connective  tissue  to  be 
brought  out  without  m.aterial  modification  by  the  flavor  of  excessive 
oils.     The  desirability  of  flavor  in  this  respect,  however,  is  a  matter 
of  individual  taste. 


Firvrmess :     The  relative  firnncss  of  neat,  includin-;  "both  lean 
and  fat,  is  a.n  indication  of  its  quality  and  palatal) ility.  This 
statement  applies  nore  particularly  to  lean  neat  in  which  firrmess  is 
caused  largely  "by  the  dcfree  and  character  of  finish  or  the  degree  to 
v/hich  the  visi"ble  and  invisihle  fats  and  attendant  neat  juices  are 
present  and  distributed  through  the  lean.     It  does  not  apply  to  the 
so-called  "thin  and  dried  out"  hcef ,  which  is  not  enaciated  "but  is  of 
low  grade  and  often  quite  firm,  despite  the  fact  that  it  is  practically 
devoid  of  nuch  of  the  natural  juices  and  fats  that  are  characteristic 
of  firm,  well~f inished  "beef. 

^'ell~f inishcd  or  high-grade  "beef,  especially  steer  ojid  heifer 
"beef,  generally  is  the  most  firm  of  all  grades,  while  "beef  in  each 
succeeding  lower  grade,  "barring  the  exceptions,  has  a  tendency  to  "be 
softer  than  it  is  in  any  higher  grade.     The  relative  degree  of  firm- 
r':ss  in  meat  in  relation  to  its  quality  is  caused  "by  the  relative 
rmouiit,  consistency,  and  character  of  its  juices  a.id  visi'ble  and 
i:ivisil-le  fats  which  surround  and  permeate  the  muscle  fi"bers  and 
connective  tissues.     These  su'bstances,  which  contri"bute  to  the 
relative  degree  of  firmness  of  the  moat  also  contri"bute  to  its 
relative  juiciness  and  to  the  character  or  richjiess  of  those  juices. 
They  al^^o  have  an  influence  on  its^  tenderness  and  flavor. 

3u"bject  to  the  influence  of  age  and  to  the  possihlo  exception 
mentioned  (the  "thin,  dried-out"  "beef)  meat  that  is  firm  when  xlncooked, 
usually  is  tender  and  has  a  desira"ble  flavor  when  cooked,  especially 
when  the  firmness  is  associated  with  excellent  fini:."li  'or  a"bundeLnt 
fat.     In  general,  the  softer,  less  finished  lov/er  grries  of  hcof, 
making  due  allowance  for  age,  are,  when  cooked,  relatively  less 
tender  with  each  succeeding  lov^er  grade,  provided  the  method  of 
cooking  is  held  constant, 

Firmness  in  uncooked  meat  is  caused  "by  the  "setting"  or  solidi- 
fying of  its  component  elements,  including  the  lean,  fat,  pjid.  juice, 
in  their  natural  positions  "by  rigor  mortis,  generally 'at  relatively 
low  temperatures,  so  that  they  arc,  in  effect,  hound  or  cemented  to- 
gether and  offer  more  than  usual  resistance  to  pressure  and  do  not 
shift  readily  from  the  positions  in  which  they  were  when  the  flesh 
"bccajne  firm.    As  a  result,  the  flesh  of -high-grade  chilled  beef, 
v/hich  has  a  very  high  proportion  of  the  fats  and  meat  juices,  is 
firm  and  resilient  or  has  a  tendency  to  return  to  its  original  po- 
sition after  pressure.    Barring  the  thin,  dried-out  heef ,  this 
tendency  "becomes  less  apparent  in  eo.ch  lower  grade,  in  v;hich  the 
fats  and  juices  are  less  a"bund3nt,  until  in  the  lowest  grades  there 
is  practically  no  resistance  or  resiliency^     That  is  the  "beef 
usually  is  very  soft  and  inclined  toward  enaciationo 

Since  the  degrees  of  firmness  generally  vary  with  the  grades 
in  descending  order  from  very  firm  to  very  soft  and  since  the  de- ,  r 
grees  of  quality  and  of  palata"bility,  especially  of  tenderness, 
juiciness,  and  flavor,  generally  vary  likewise,  the  degree  of  firm- 
ness provides  a  reasonably  reliable  guide  to  quality  and  palatability. 


At  any  rate  the  firmest  neat  generally  is  considered,  to  T3e  of  the 
best  connorcial  quality  njad,  therefore,  of  the  nost  clcsiralDlc 
palatalDility,  while  the  opposite  is  true  of  very  soft  neat, 

iFrcc  Moisture;     The  flesh,  especially  the  lean  of  "beef,  is 
conposcd  largely  of  water.     The  proportion  of  water  decreases  from 
the  lov/est  to  the  highest  grades.     It  decreases  ahout  5  xjcrccnt  v/ith 
each  next  higher  grade,     IThe  lean  of  the  Good  grade  is  ahout  50  per- 
cent water,    A  considoralole  proportion  of  this  water  shows  on  the 
cut  surface  in  the  forn  of  free  moisture.     This  noisture  should  not 
be  confused  with  condensed  noisture  which  nay  accunulate  on  the  cut 
surfaces  of  neat. 

By  free  noisture  is  nea.nt  the  decidedly  thin,  watery  liquid 
which  e:aidcs  fron  and  collects  on  the  cut  surfaces  of  sone  beef  in 
drops  or  beads-  and  often  collects  in  snail  pools  when  depressions 
are  nade.     This  kind  of  noisture  is  nore  or  less  free  flowing  ajid  is 
unlike,  and -should  not  be  confused  with  the  nore  substantial  or 
fat  enriched  juices  that  generally  exude  less  copiously  fron  the 
cut  surfaces  of  high-grade  beef.     The  latter  juices  consist  of  con- 
.siderable  oily  or  invisible  fat  substances  and  rich  neat  extrac- 
tives whicli  cause  the  cut  surfaces  of  the  neat  t'^  feel  snooth, 
"velvety J'  or  "slick"  and  give  it  the  brightness  or  sheen  usually 
characteristic  of  hij'^-gradc  beef.     There  is,  however,  a  noticeable 
friction  when  the  cut  surfaces  of  neat  with  thin,  v/atery,  exudations 
arc  rubbed,  or  palpated  and  the  cut  surfaces  usually  appear  dull, 
faded,  and  othorv;isc  unattractive.     This  is  noticeable  especially 
in  nost  low-grade  beef,  in  v/hich  there  is  a  tendency  for  the  lowest 
grade  or  that  approaching  enaciation  to  show  the  nost  "v;a.tcry"  • 
noisture  on  the  cut  surface.     The  so-callc.d  "thin  and  dried-out"  beef, 
found  invariably  in  the  low  grades,  is  one  of  the  possible  excep- 
tions. 

It  appears  that  as  cattle  are  finished  there  is  a  tendency 
for  visible  and  invisible  fats  to  replace  the  water;--  content  of  the 
nuscle  fibers  at  least  relatively.       Therefore,  well-finished  beef 
or  beef  of  high-grade  apparently  not  only  has  less  water  in  the 
lean  tissue  but  less  thin  watery  substances  exude  and  accunulate 
on  the  cut  surface es. 

The  character  and  consistency  of  the  exudations  are  general 
indications  of  the  juiciness  in  cooked  neat  which  is  considered 
one  of  the  elonents  of  palatability.    Apparently  greater  quanti- 
ties of  juice  are  retained  in  the  cooked  neat  of  the  higher  .-^a.dcs 
than  in  that  of  the  lower  grades'  and  because  of  the  greater  quantity 
of  nclted  fat  in  the  juices  its  ciuality  or  character  is  nuch  superior 
to  that  of  the  lower  grades,     Tlie  character  of  juice  in  neat  has 
been  defined  as  "the  relative  degree  of  richness  and  snoothness 
of  the  neat  juices,"  and  it  has  been  said  that  "it  depends  on  "the 
concentration,  in  the  juice,  of  neat  solids,  including  fat,"  —/(See 
footnote  page  1.)  It  appears  that  the  character  of  the  exudations  has 
a  tendency  to  reflect  the  consistency  of  ■fho'"f lesh'  Which  is  pTso  re- 
lated to  grade.     The  relative  amount'' and  character  of  the  exudations 
on  the  cut 'Surfaces  of  beef,   therefore,  may  be  used  as  one  of  the 
guides  in  appraising  its  grade  and  therefore  its  quality  and 
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palatability,  with  special  reference  to  juiciness,  tend.erness,  and  flavo 
In  general,  the  beef  that  ejaides  the  greatest  amoont ' of  free  moisture  is 
inclined  to  "be  driest  and  toughest~whcn'"co6ked  and  therefore  in  a 
very  low^gitado. 

Grain!     Grain  is  a  tern  conmonly  used  in  describing  certain 
characteristics'  that  appear  on  the  cut  surfaces  of  beef.     It  is  used 
to  describe  a  phenonenon  of  the  muscle  structure  caused  largely  by  the. 
size,  character,  and  position  of  the  muscle  strands  or  small  muscle 
bundles  md  the  connective  tissue  within  the  major  muscles.  Ap- 
parently the  term  has  been  adopted  to  describe  a  charo.ct  oris  tic  in 
meat  that  is  quite  similar  in  appearance  to  .the  grain  in  wood,  Un~ 
fortunately,  it  is  often  confused  with  texture,  although  the  two  words 
as  correctly  and  .generally  used  have  very  different  meanings. 

Grain  in  meat  has  been  defined  as  follows: 

"Grain  in  meat  refers  to  the  natural  size,  structure, 
and  positions  of  the  muscular  fiber  biondles  in  re- 
lation to  each  other  as  exposed  on  any  cut  surface 
and  usually  v/ith  reference  to  a  cross  section  of 
the  muscle.    Meat  of  large  fiber  bundles  v/hon  cut 
across  presents  a  coarse  grained  appearance  while  meat 
of  small  fiber  bundles  similarly  cut  presents  a-  fine 
grained  appearance," 

The  character  of  the  grain  in  beef  indicates  quite  generally 
its  age.    Young  beef  has  small  muscle  strands  v/ithin  the  major  muscle 
units,  while  beef  from  older  animals  has  much  larger  muscle  strands 
and  more  noticeable  connective  tissue.     The  sinewous  cissue  associated 
v/ith  the  muscles  also  varies  in  size  or  quantity  in  li-:e  manner  and 
contributes  to  the  appearance  of  the  grain  in  meat.     It  sometimes  is 
confus-cd  v/ith  marbling,  as  often  is  the  case  when  it  g-ppears  in  the 
beef  of  old  cattle.     Thus  a  fine  grain  is . characteristic  of  the  flesh 
of  young  cattle  and  a  coarse  grain'  is  generally  characteristic  of  the 
flesh  of  old  cattle.    Since  grain  indicates  age,  more  or  less,  in 
].iice  manner  it  is  associated  v/ith  tenderness  and  flavor.     To  that 
extent,  the  grain  of  beef  provides  a  guide  to  quality  and  palatability, 
but  judgments  in  this  respect  must,  be  adjusted  to  meet  the  influence  of 
finish  and  of  the  other  elements  that  affect  Quality. 

Texture ;     Texture  also  is  a  term  used  to  describe  certain  char- 
acteristics in  beef  that  are  associated  with  its  firmness  and  quality, 
A  definition  committee  composed  of  Federal  axid  State  meat  research 
workers  — /  has  defined  texture  in  moat  as  follows:  ■. 

"Texture  in  meat  is  its  natural  structure  which  re- 
sults from  the  binding  together  of  its  component 
parts  in  relative  natural  positions,  largely  by 
connective  tissue."  "  ■ 


3/  Definition  prepared  by  a  ooninitteo.  on  definitions  a.nd  approved 
by  a  committee  of  interbureau  and  State  experiment  station  meat 
research  workers,  October  21,  1933, 

4/  Sec  footnote  3, 
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By  texture  is  meant  the  manner  and  degree  to  v/hich  the  component 
elements  of  meat  are  "bound  or  "cemented"  together  in  theil-  natural 
positions  so  as  to  give  the  meat  varying  degrees  of  adhesiveness,  re- 
siliency, pjid  solidity  or  firmness  and  to  preserve  a  relative  smoothness 
or  continuity  of  cut  surfaces.     Texture,  therefore,  contributes  pri- 
marily '  to  the  relative  degree  of  firmness  in  meat  "but  the  influence  of 
texture  on  firmness  depends  to  a  large  extent  on  the  degree  of  finish. 
Well-finished  iDccf  has  tiglit  texture  iDCcause  the  connective  tissues 
are  stretched  or  filled  with  fats  and  juices  of  high  quality  and  con- 
sistency; while  the  opposite  is  true  with  reference  to  poorly  finished 
heef.     To  the  extent  that  texture  is  thus  affected  "by  finish,  texture, 
like  firmness,  is  an;  index  of  quality  and  palatatility. 

The  cut  surfaces  of  well-finished,  firm  "beef,  at  any  age,  will 
remain  in  their  natural  positions  when  cut  and  return  to  their  posi- 
tions after  pressure.     Such  meat  is  well  "bound  together  and  has  a  good 
o:c  tight  texture.     The  component  elements  of  soft  or  poorly  finished 
"boeJ:"  are  easily  pressed  out  of  their  original  positions  to  which  they 
do  not  readily  return  after  pressure  or  handling,     Su..h  beef  has  poor 
or  loose  texture.     The  gradations  from  the  tight  texture  of  firm,  "beef 
in  the  high  grades  to  the  loose  texture  of  soft  "beef  in  the  low  grades 
are  associated  with  the  grades  in  descending  order  and,  approximately 
in  the  sroe  order,  are  indications  of  relative  quality  ajad  palata'bility 
of  the  meo,!:.     Low-grade  "beef  that  is  dry  and  thin  and  that  has  tight 
texuure  is  an  exception  to  the  general  rule  in  this  respect  as  it  is  in 
firmness.     It  has  tight  texture  "but  lacks  finish  and  much  in  tender- 
ness.    This  characteristic,   also  found  in  much  "bull  "t'^'-^f,  malces  that 
kind  especially  .desira"ble  in  the  manufacture  of  certain  kinds  of 
sausage. 

Color.  Character.  Quality.  Quantity,  and  Distri"bution  of  Fat; 
The  color  of  fat  in  beef  is  a  general  hut  not  an  infallible  indication 
of  its  gi:--d.e,  quality,  and  palatability.     Color  of  fat  is  influenced 
to  a  considcra,ble  extent  by  the  kind  of  feed  used,  also  by  age,  breed, 
and  sex.    Usually  the  fats  in  beef  of  cattle  that  have  been  finished 
on  dry  feeds,  including  grain,   other  concentrates,  a.nd  bright  hay,  are 
relatively  white  to  creamy  v;hite,  firm,  abundant,  and  v/ell  distributed. 
The  beef  almost  invariably  is  in  the  high  grades.     The  fats  in  beef 
of  cattle  that,  have  had  access  to  grass,   green  hay.,  or  other  similarly 
high-colored  feeds,  almost  invariably  have  a  yellowish  cast,  in  a 
technical  sense  correctly  described  a.s  greenish  yellow.     The  fat  of 
"grass  cattle"  is  an  example.     The  greenish  tint  is  usually  very 
lig^t  and  is  caused  mostly  by  the  green  or  amount  of  chlorophyl  in 
the  grass,  hay,  or  other  feeds.     It  does  not  refer  to  the  greenish 
areas  on  the  carcasses  caused  by  grubs.     The  fats  of  old  animals,  and 
especially  cows  of  certain  dairy  breeds,  are  inclined  to  have  a  deeper 
shade  of  yellow  than  those  of  younger  animals, 

5/ 

Although  white  to  creamy  white  fats  and  yellowish-^' to  greenish 
yellow  fats  may  be  found  in  nnir.als  of  any  degree  of  fatness,  depending 


5/  Yellow  fat  is  rich  in  carotin  and,  therefore,  may  exceed  white  fats 
in  food  value,   especially  so  far  as  vitamin  A  is  concerned. 


on  the  kind  and  q_uantity  of  feed  given,  abundant  relatively vihite  to 
creamy  white  firm  fats  of  excellent  quality  are  more  generally  charac- 
teristic of  the  highest  grade  of  "beef,.    The  yellowish  to  greenish 
yellov/  fats,  hov/ever,  more  generally  occur  in  the  lower  grades,  and  in 
such  cases  they  are  almost  invariably  soft  ajid  poorly  distributed. 

In  general,  therefore,  the  gradations  "between  the  white  to  creamy 
v/hite,  firm,  wax-like,  v/ell-distrihutcd  fat,  usually  characteristic  of 
the  highest  grades,  and  the  ycllov/ish  to  greenish  yellow,  especially 
soft,  low-quality  fats,  more  generally  associated  with  the  lov;or  grades 
may  he  used  as  indications  of  relative  quality  and  palatahility  of  "beef 
in  descending  order.    This  applies  especially  to  the  extent  that  these 
gradations  are  related  to  age  and  grade. 

Character  or  Q.uality  of  Pat:     The  quality  of  fat  is  its  degree  of 
excellence,  largely  from  an  oil  content  or  oil  yielding  standpoint.  The 
quc'.licy  of  fair  is  closely  associated  with  and  manifested  hy  the  char- 
acter of  the  fat,  especially  hy  its  degree  of  compactness,  firmness, 
"brightness,  hrittlenoss,  waxinoss,  oiliness,  and  color.     The  significance 
of  the  color  of  fat  is  discussed  in  the  preceding    section.  Abundant 
firm,  "brittle,  or  v;ax-likc  fats  are  c?iaracteristic  of  the  high  grades 
of  "beef,  while  soft,  pasty,  or  lifeless  fats  or  fats  v;ith  a  high  pro- 
por'"ion  of  connective  tissue  to  fat  contdnt,  or  the  absence  of  fat,  a,re 
char L'.cteri sties  of  the  low  grades. 

In  general,  the  gradations  from,  abundant,  firms,  and  brittle  or 
waxy  white  to  creamy  or  yellowish  white  fat  of  the  high  gra.dcs  to  the 
scant,  soft,  or  oily,  often  yellov/ish  to  greenish  yel]  (/a  fats  of  the 
low  grades  correspond,  in  descending  order,  with  the  gradations  in 
quality  and  palatability  in  relation  to  the  descending  grades.  Abun- 
dant, wel]  distributed  fats  of  high  quality  and  excellent  consistency, 
as  a  general  rule,     indicate  high  quality  in  the  uncooked  beef  and 
usually  very  desirable  palatability  in  the  cooked  beef,  especially 
with  respect  to  tenderness,  juiciness,  and  flavor;  while  the  opposite 
is  generally  true  in  beef  with  fats  of  low  quality  and  of  poor  con- 
sistency and  character. 

Quantity  and  Distribution  of  ?at;  By  quantity  and  distribution 
of  fat  arc  meant  the  degree  of  fatness  or  finish  and  the  extent  and 
manner  in  which  the  fat  is  distributed  over  the  exterior  and  interior 
surfaces  of  the  carcasses  or  cut  and  between  and  within  the  muscles. 

The  quantity  and  distribution  of  fat  together  with  its  quality' 
rind  character  are  more  than  ordinary  indications  of  quality  and  pala.- 
tability  in  beef.     In  combination,  they  indicate  the  mea.sure  of  suc- 
cess in  finishing  beef  cattle.     The  quantity  of  fat  while  important 
is  not  as  significant  of  quality  and  palatability  of  beef  as  are  the 
character  a,nd  distribution  of  fat.     Carcasses  or  sides  may  be  well 
covered  on  the  surfaces  inside  and  out  with  excessive  fats  but  the 
interior  fats,  although  they  may  appear  to  be  of  high  quality,  may 
not  be  of  sufficient  quantity  or  so  well  distributed  through  the  lean 
in  the  form  of  marbling  and  invisible  fats  as  the  exterior  fats  might 
indicate.     Such  carcasses  are  often  referred  to  as  "counterfeits," 
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Most  experienced  "beef  men  arc  a"blo  to  differentiate  v/ith  reason- 
able accuracy'  in  such  cases  liefore  the  sides  arc  quartered.     There  can 
ho  little  question  in  this  respect,  however,  when  the  sides  are  quartered 
or  converted  into  comincrcial  cuts.     There  are  many  hut  generally  little, 
known  features  in  the  sides  that  hoof  men  take  into  consideration  v/hen 
determining  the  character  and  distribution  of  fat  through  the  lean  in  the 
form  of  marbling  and  invisible  fats,  and  therefore  the  quality  of  beef. 
As  0-  rule,  several  of  such  features  must  be  appraised  before  reliable 
judgments  can  be  formed.    Among  those  features  are: 

Conformation  or  the  natural  thickness  of  flesh  and  the 
degree  to  which  it  is  dependent  on  fats  deposited 
within  the  muscles. 

Brightness  and  character  or  quality  of  the  visible  fats, 

i^xtent  and  chara-cter  of  the  fat  covering  or  plating 
over  the  inner  v;alls  of  the  forequarter. 

Deposits  of  fat  in  the  lean  between  the  ribs. 

Extent,  smoothness,  color,  and  firmness  of  the  fat  over 
tlie  exterior  surface  as  against  similar  characteristics 
of  the  fat  deposits  on  the  inner  walls  of  the  sidesc 

Amount,  color,  and  character  of  the  fats  in  the  crotch 
and  cod  of  the  steer  or  in  the  crotch  and  arov.ud  the 
udder  of  the  heifer. 

Character,  color,  and  generally  the  ajaount  of  fat  around 
the  kidneys,  ^    '  ■         ■  ' 

Thickness  and  firmess  of  the  flank, 

Tat  deposits  on  the  flanlc  muscle  or  "flank  steak," 

Pats  exuding  from  spaces  between  the  dorsal  spinous  pro- 
cesses,  especially  of  the  forequarter. 

Marbling  and  other  fat  deposits  in  the  exposed  lean  at  the 
top  of  the  chuck  and  neck  or  crest,  together  with  the  color 
and  dr;yness  of  such  muscles. 

Relative  brightness  or  sheen,  according  to  their  character, 
of  all  exposed  muscles,  especially  those  of  the  brisket. 

There  are,  no  doubt,  many  other  features  in  a  side  of  beef  which 
may  be  used  as  indications  of  the  character  and  distribution  of  fat  throu 
the  le.-m,  and  therefore  of  the  quality  and  palatability  of  the  beef.  The 
so~called  invisible  fats  are  the  animal  oils  in  suspension  v;ith  the 
meat  juices  and  extractives  while  the  animal  was  living.     Those  animal 
oils  remain  more  or  less  in  that  condition  after  slaughter,   that  is,  they 
do  not  crystallize  in  the  form  of  solid,  visible  fat  but  are  none  the 
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less  present  anong  the  nusclo  tissues  and  tend,  to  give  the  lean  tissue, 
a  brighter  red  appearance    and  a  greater  snoothnoss  to  the  touch  than 
it  othervrise  would  have.     The  distrihution  of  a"bundant  hu,t  not  too 
wasty  solid  fats  of  high  quality  over  the  carcass,,  over  the  "broad,  thin 
exterior  nusclc  of  the  plate,  on  its  interior  walls  and  parts,  .Taetv/een 
the  muscles,  and  within  the  nusQlcs  in  .the  form  of  fat  nodules  and  ir- 
regular fat  streaks  (narbling)?-  and  invisible  fats  as  nanifested  in  the 
brightness  or  sheen  of  the  red  in  the. lean,  are  characteristic  of  the 
highest  grades  of  "beef.     The  total  or  almost  totfil  absence  of  these, 
phenomena  are  characteristics  of  the  lowest  grades  of  beef.     The  grada- 
tions between  these  tv:o  extremes  in  the  descending  order  of  the  grades 
of  beef  are  indications,  in  the  saxie  order,,  oif  its  quality  and.palata- 
bility,  vdth  special  reference  to  the  tenderness,  juiciness ^ ..  and  flavor 
of  the  cooked  neat.   ,  .  • 

In  general  it  is  believed  probable  that  the  absorption  into  the 
lean  of  the  melted  fat  particles,  including  those  from  the  marbling 
and  the  invisible  fats  contributes  materially  to  the.  superior  pala— 
tability  of  high  quality  cooked  beef  and  especially  to  its  tenderness 
and  dcsira.bility  of  flavor.     In  the  proportion  that  these  natural  fats 
arc  a'isent  is  there  generally  a  corresponding  decrease  in  the  palata- 
bility  of  the  cooked  meat,  especially  insofar  as  tenderness,  juiciness, 
and  mildne-^5  of  the  flavor  of  beef  are  concerned.    The  degree  of  do- 
creese  in  palatability , of  course,  dej^ends  again  upon  the  method  of 
cooking.     There  is,  however,  generally  a  more  intensely  "beefy^'  flavor, 
or  the  flavor  of  lean  and  connestivc  tissue  (protein)  in  the  less  fin- 
ished or  lov7-grade  beef  than  in  the  high-grade  beef,  b.-'ause  of  the 
absence  of  the  moderating  influence  of  abundant  melted^,  natural  fat. 

The  variations  in  the  quantity  and  quality  of  fats,  from  an 
abundance  of  excellent,  well-distributed  fat  to  scarcely,  any  fat  of 
poor  qual3  7  and  character,  correspond  to  a  large  extent,  with  the 
variations  in  the  quality  of  the  uncooked  beef  and  in  the  paJatability 
of  the  cooked  beef. 

Thickness  of  Flesh;    By  thickness  of  flesh  is  meant  the  ratio 
of  meat,  including  both  lean  and  fat,  to  bone.     Thickness  of  flesh  is 
related  primarily  to  cnnformation,  which  is  one  of  the  three  grade 
factors. 

Although  thickness  of  flesh  implies  a  ratio  of  neat  to  bonCj 
it  is  of  significance  also  as  indica.ting  quality  and  palatability,,  A 
cut  of  beef  that  has  a  proportionately  greater  natural  thiclaiess  than 
usual,  barring  that  from  bulls  ajid  sta.gs,  indicates  that  it  has  more 
natural    neat  substances  in  the.  form  of  neat  juices,  visible  ajid 
invisible  fats,  probably  larger  muscle  cells,  and  usually  relatively 
less  connective  tissue  than  arc  customarily  found  in  'similar  cuts 


67  Marbling  a.s  used  hero,  refers  to  visible  fat  deposits  onljr  and 
should  not  be  confused  v/ith  thick  sinewous  tissues,  which  are  more 
apparent  in  beef  from  old  cattle,  o specially  cows,  and  which  have 
the  appearance  of  fat  or  marbling. 
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which  are  not  so  thick,  "but  are  fron  cattle  of  the  "  sane  hreed,  class, 
ago,  ajicl  grade  with  soDov;hat  different  conf ornation.     The  principal 
indication  is  relatively  greater  tenderness  "because  a  sanple  of  such 
neat  cut  fron  a  given  area,  usually  has  less  connective  tissue  per  unit 
v/eight  than  a  similar  sanple  of  the  sane  vreight  cut  fron  the  sane  area 
of  somev/hat  thinner  "beef  of  the  sane  grade. 

Connective  tissue  is  the  principal  source  of  toughness  in  neat. 
It  is  hardly  pro"ba'ble  that  a  given  nuscle  of  one  aninal  has  nore  cell 
units  than  the  sane  nuscle  in  another  aninal  of  the  sane  kind,  and  it 
is  not  pro"ba"ble  tliat  tliey  increase  in  nunber  in  any  given  nuscle  v.dth 
grade,  hut  it  is  XJOssi"blc  for  those  cell  units  to  v&v/  in  size  ac- 
cording to  the  efficiency  of  the  aninal  in  utilizing  nourishment. 
Hence  it  appears  that  there  are  different  degrees  of  conf ornation,  due 
primarily  to  different  thicknesses  of  muscles  as  well  as  differences 
in  '.-he  deposits  of  fat,        Visi"ble  and  invisihlo  fat  deposits  and 
juJ-ccs  nr.ong  the  nuscle  fi"bers  aaid  tissues  also  contrihute  to  the 
thickness  of  muscles  and  cutso 

V»hatever  may  cause  a  given  cut  of  "beef  to  he  thicker  than 
similar  cuts  from  other  "beef  carcasses  that  are  similar  in  practically 
all  other  respects,  it  is  nevertheless  true  that  such  thick  cuts  gener- 
al}.7  give  greater  satisfaction  than  the  other  cuts  similarly  prepai-cd, 
hecause  they  o.pj.^arently  have  relatively  less  connective  tissue  and 
are  therefore  more  tender  than  the  other  cuts.     It  is  ;^ossiu.x0  rdso 
that  the  connective  tissue  of  such  neat  has  "been  so  d:.  .^tended  or  stretch- 
ed "by  greater  quantities  of  meat  juices,  and  oils  that  .hey  may  he 
relatively  weaker  and  that  the  meat  is  therefore  more  ^cndcr  than  a 
similar  thinner  cut  of  meat  of  the  same  general  description, 

QTA'-ck,  hlocky,  well-rounded  hecf  is  characteristic  of  the  oet- 
ter  gradc^.-  v/hile  there  is  a  tendency  toward  thinner,  flatter,  and 
"stringie:'-    "beef  with  each  lov;cr  grade.     Since  quality  and  palata"!:)ility 
arc  in  general  associated  with  grade  the  thickness  of  the  flesh  pro- 
vides a  general  indication  of  the  quality  of  the  uncooked  neat  anvd  of 
the  palata"ioility  of  the  cooked  meat.     Cuts  of  heef  fron  cp.rcasses 
with  thick  flesh  usually  are  more  tender  than  similar  cuts  from  car- 
casses v;ith  thin  flesh,    A  given  sample  of  meat  from  a  carcass  with  «' 
thin  flesh  has  more  and  prohahly  tougher  connective  tissue  to  a  given 
unit  of  meo,surem.ent  or  weight  than  a  similar  sample  from  a  carcass 
v;ith  thick  flesh  and  is  less  palatahle  or  pleasing  to  the  consui.ior 
than  the  r.cat  of  the  thicker  carcass,  especially  so  far  ns  tender- 
ness is  concerned.    Relative  thiclcncss  of  the  flesh,  therefore,  may 
he  used  as  a  guide  to  relative  quality  and  palatahility,  especially 
with  res^Dect  to  the  tenderness  and  also  to  the  juiciness  and  flavor 
of  the  cooked  meat. 

Tenderness  aiid.  Flavor  Affected  oy  Time:     Practically  all 
evidences  of  quality  and  palatahility  in  heef  are  related  in  some 
nanner  to  its  tenderness  and  flavor,    A  careful  appraisal  of  all  such 
evidences  separately  and  in  conhination  provides  a  reasonahly  rcliahle 
hasis  for  ostinoting  the  approxinate  tenderness  and  fla.vor  of  heef. 


Certain  adjustments  in  judgment  are  advisable,  however,  to  allow  for 
certain  physical'  changes  affecting  tenderness  and  flavor  tiiat  occur 
in  heef  during  the  period  it  is  held  in  storage. 

It  appears  that  all  heef  is  less  tender  immediately  after  it 
has  hccone  sot  and  firm  from  rigor  mortis  than  it  is  immediately  after 
slaughter  or  after  it  has  "been  held  for  a  considcrahle  period  to  ago 
and  ripen.     In  general,  however,  autolysis  or  dissolution  of  the- flesh 
starts  immediately  after  death  and,  if  not  retarded  eventually  results 
in  complete  decomroosition.     In  the  processes  of  dissolution  the  fihers 
and  connective  tissues  gradually  hrcak  down  through  f erm.entation  or 
enzymatic  action  and  the  meat  hecomos  increasingly  more  tender.  This 
process  is  retarded  hut  not  completely  stopped  hy  refrigeration.  It 
is  speeded  up  by  withholding  refrigeration.    Under  refrigeration  the 
fresh  meat  is  preserved  in  edihle  condition  for  an  indefinite  period 
during  which  the  heef  is  aged  or  ripened.     This  process  results  in  cer~ 
tajn  changes  that  not  only  v/eaken  the  connective  tissue  hut  affect  the 
f.'.a7or  01  the  meat.    An  appraisal  of  the  tenderness  and  prohahle  flavor 
of  heef,  therefore,  should  take  into  consideration  the  approximate 
time  and  conditions  under  which  the  meat  has  been  held  after  slaughter, 
j\ny  reliable  appraisal  of  ten^derness  and,  to  a  large  extent  of  flavor, 
must  take  into  consideration  r)st  only  these  evidences  of  tenderness 
in  relation  to  po2atability  that  have  been  discussed,  but  it  must  tnk:e 
i'! 0  consideration  also  the  effect  on  tenderness  and  flavor  caused  by 
f crnentation  and  autolysis  during  the  lapse  of  time  after  slaughter 
and  the  conditions  under  which  the  beef  has  been  heldc 

■Aged  and  Biuened  Beef:     The  aging  or  ripening,  c.r  beef  is  a 
special  process  of  holding  it  in  storage  under  contrrlled  temperature 
and  humidity,  the  purpose  of  'vifhich  is  to  cause  greater  tenderness  and 
to  add  a  distinctive  flavor  to  the  beef.    Although  the  dissolution  or 
brcf-king  dovm  processes  begin  immediately  after  slaughter,  the  fer- 
mentatio'.'  or  enzymatic  processes  could  be  hastened  materially  if .  the 
mcs.t  were  ncld  at  high  temperatures.     This,  however,  would  tend  also 
to  hasten  its  spoilage  much  earlier  unless  proper  methods  of  preventing 
spoilage  v;ere  used  in  lieu  of  those  customarily  used  \^h.cn  the  meat 
is  held  under  controlled  refrigeration  pjid  humidity. 

Aging  or  ripening  beef  under  refrigeration,  using  the  customary 
cold  storage  temperature,  retards  the  fermenting  processes  and  causes 
the  connoctive  tissue  to  weaken  and  break  down  at  a  relatively  slow 
rate,    Mca.nwhile,  the  enzyma„tic  action  on  the  muscle  cells  and  con- 
nective tissues  so  affects  the  meat  as  to  give  it  not  only  relatively 
greater  tenderness  but  a  characteristic  flavor.     The  effects  of  aging 
and  ripening  beef  are  usually  more  satisfactory  with  well-finished  or 
high-grade  beef  than  with  low-grade  or  poorly  finished  beef.     It  is 
believed  that  the  presence  of  fat,  both  visible  and  invisible,  well 
distributed  over,  between,  ajid  within  the  muscles  to  a  certain  extent 
prevents  the  rapid  decomposition  of  the  neat  and  also  tends  to  in- 
fluence the  character  of  the  flavor  developed  by  the  enzymatic  action 
whether  the  meat  is  aged  under  rcf rigera-tion  or  is  otherv/isc  treated 
to  improve  its  tenderness  and  flavor.     (Sec  page  4.) 


Aging  and  ripening  iDeef  "by  any  nethod  constituto,  in  effect,  a 
method  of  processing  "because  they  produce  chojiges  in  the  tenderness  and 
flavor  of  the  neat  tlarough  fermentation  or  enzymatic  action.  These 
changes  affect  different  grades  of  heef  differently,    Lov/-grade  heof 
rnd  the  meat  of  young- animals  that,  grade  for  grade,  usually  lack  the 
finish  of  iDeef  from  older  animals,  do  not  age  as  satisf jpctorily  as  v/ell~ 
finished  hecf  and  they  are  inclined  to  "break  dc.'ni -and  decor.Tposd  much 
earlier.    Aging  and  ripening'  "beef  so  change  the  condition  from  the  stand- 
point of  flavor  and  tenderness  that  a  different  general  grouping  from 
that  of  strictly  fresh  oeef  is  necessary.     The  grading  of  o,ged  or 
ripened  "bGef,  therefore,  should  "be  adjusted  to  those  changed  conditions, 
especially  insofar  as  they  affect  the  pro'ba"ble"  palata"bility  of  the  meat. 

Since  tlie  "beef  was  of  a  given  grade  v/hen  it  was  dressed  and  chille 
it  seems  logical  that  grade  should  "be  retained  regardless  of  the  changes 
caused  "by  aging  or  ripening.     The  conformation  ajid  finish  will  "be  the 
samtT  while  tenderness  and  flavor  may  "be  different  "but  'peculiar  to  that 
gra''.o  of  ;..oat  after  it  v/as  given  the  aging  or  ripenin-':''  process.  That 
Is:   if  a  co.rcass  v/as  correctly  groxled  Choice  im.mediatciy  after  slaughter 
ancl"ehilllnf5,  it  ivoxild  still  "bo  Choice,  "but  Choice  ripened  "beef  after 
it  had  "been  put  through  the  aging  or  ri;jening  process  aa'^d  it  would  "be 
in  that  grade  so  long  as  it  is  edi'ble,    Ir?.  other  words,  the  artificial 
pr:cesses  of  aging  or  ripening  "beef  do  not  change  its  grade  from  that 
to  w filch  it  v/as  entitled  immediately  after  slaughter  and  chillingo 

Eye  A'OT)e?l  ;     The  general  appearance  of  teef  is  not  an  infal- 
li"ble  guide  to  its  quality  and  palatp,"bility,'  cspeciall;;  to  its  tender- 
ness and  flavor;  "but,  on  the  whole,  the  attractiveness,  of  "beef  may  "be 
relied  upon  as  an  indication  of  the  satisfaction  it  wi'jl  give  when 
prepared  and  eaten.    Most  of  the  -factors  indicating  quality  and  pal- 
atahility  that  have  "been  discussed,  contri"bute  in  varying  degrees  to 
the  o'opoaianco  of  the  uncooked  moat  in  proportion  to  their  presence  in 
the  moat,     J-'hese  factors  range  from  the  "brightness,  solidity^  ond 
ricl'iness  of  its  su'ostances  in  the  high  grades,  to  the  dullness,  soft- 
ness, and    Poverty  of  these  su"bstances  in  'the  low  grades.  Especially 
is  the  appearance  of  the  uncooked  meat  affected  "by  the  color  and 
character  of  lean,  fat,  and  "bone;  hy  the  distri'bution  and  charnctcr 
of  fat  and  its  effect  on  the  conrposite  color  of  meat;  by  the  texture 
and  grain  of  the  meat;  "by  its  thickness,  firmnes-s,  and  shape;  and  hy 
the  character  and  effect  of  the  moisture' on  the  cut  surface,  Prchahly 
the  composite  color  of  meat,  together  with  its  firmness,-  determ.incs  its 
eye  appeal  more  than  any  other  characteristic,    Sclativcly  firm,  "bright 
red  lean  "beef  with  its  attendant  marhling  and  surrounding  white  or 
creamy  white  fats,  characteristic  of  the  high  grades,  appeals  to  the 
eye  more  effectively  than  the  soft,  dark,  or  duller  red  "beef  v/ith 
scant  yellowish  fats,  more  or  less  chp.ract  oris  tic  of  the  low  grades. 
In  general,  these  characteristics  "step  down"  noticea'bly;  from  ^ne 
grade  to  that  next  helow  it. 

Those  gradations  of  color  and  of  the  other  indications  of  ■ 
quality  and  palata"bili4>y  of  which  the  eye  takes  note,  extending  from 
those  associated  v/ith  the  high  grades  to  those  associated  with  the 


low  grades,  may  bo  accepted  with  reasana'ble  assurance  as  indications 
of  the  grades  of  beof  in  descending  order  rnd  therefore  of  its 
relative  quality  and  palatahility  in  tiie  sane  order. 

Sone  beef  \7ill  cut  bright  and  remain  bright.    Some  will  cut 
bright  and  slov.'ly  turn  darker.     Sone  v;xll  cut  dark  and  becone  brighter 
but  seme  will  cut  "dark  and  gurmy"  and  remain  in  that  condition.  Beef 
that  cuts  dark  does  not  appeal  to  the  eye.    Dark  cutting  beef,  the 
cut  surface  of  which  suggests  "gunminess"  to  sij'iht  rrid  feel,  usually 
has  a  tendency  to  remain  dark;  v/hcreas  beef  tha.t  cuts  dark  but  which 
lacks  the  gummy  charac u oris tic,  often  becomes  much  brighter  after 
exposure  to  the  air.    As  a  rule,  the  dark  and  especially  the  dark 
gummy  beef  is  discriminated  against  by  those  who  are  seeking  beef  of 
above  average  quality  and  palatability.     It  has  net  been  established 
bcy:^nd  question  of  doubt,  however,  that  such  beef  is  lacking  in  the 
palatability  elements  of  tenderness  and  flavor  expected  of  brighter 
ca-ltirig  beef  of  the  same  degree  of  finish  and  age,    Fev/  can  detect 
any  mc'.^crial  difference  under  test  after  the  meat  is  cooked,  although 
^'^ny  claim  that  dark  g^.ir.imj'-  beef  is  much  less  tender  than  bright 
cutting  beef  v/hen  boLh  are  cocked  in  the  same  manner. 

Since  beef  that  cut/?  dark  is  discriminated  against  and  often 
materially  discounted  when  sold  on  the  market  and  since  such  beef 
?.  s  usually  difficult  to  detect  in  the  side,  graders  have  endeavored 
to  find  external  evidences  that  are  apparent  before  the  side  is  quar- 
tered of  the  color  and  character  of  the  beef.     In  addition  to  what  a 
careful  examin.ation  of  the  exposed  fG,t  and  lean  sur' -ices  reveals,  no 
infallible  index  of  dark  and  "gummy"  cutting  beef  h.is  been  discov- 
ered. 

Quality.  Palatability  and  I'Tutritive  Value 

Many  consumers  associate  the  quality  or  grade  of  meat  with  its 
nutritive  value  or  assume  that  the  grade  is  a  guide  to  the  quantity 
of  nourishing  elements  contained  in  the  meat.     The  principal  food 
elements  in  meat  are  protein  and  fat,     0?he  importance  of  ash,  which 
is  usually  less  than  1  percent  of  the  edible  meat,  ajjparcntly  is  of 
minor  consideration.     The  fourth  chemical  element  is  water. 

Protein  (derived  from  lean  and  connective  tissue)  and  fat  arc 
the  principal  sources  of  nourishment  in  meat.     Since  they  vary  in 
proportions  according  to  grades,  the  relative  food  values  of  meat 
are  indicated  ^oy  the  grades.    As  the  grades  improve  from  the  lowest 
to  the  highest  the  proporti-'^ns  of  fat  increase  and  the  proportions 
of  protein  decrease.     The  proportions  of  water  also  decrease.  The 
increase  in  the  proportion  of  fat  is  greater  than  the  decrease 
in  the  proportions  of  protein  and  water.     It  would  appear,  there- 
fore, that  the  total  food  value  content  of  beef  increases  as  the 
grade  improves. 
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It^has  ocen  sliown  tlin.t  the  palata'bilitj'-  of  tocf  also  "becones 
nore  d^^ralile  as  the  grade  ii!ii:)roves.     Therefore  the  grade  of  hcef 
is  an  indication  not  only  of  its^  degree  of  palata'oility  "b'^t  apparently 
also  of  its  relative  food  value.—/ 


/  ,      1/    See  Department  Circu3.ar  No,  389  "Proxinatc  Composition  of  Beef" 
U,  S.  Department  of  Agriculture,  1926, 


